Effect of exogenous lactate on rat glioma metabolism.
Glioma-bearing rats were infused intravenously with a solution containing either [3-(13)C]lactate or both glucose and [3-(13)C]lactate for 20 min or 1 hr. Perchloric acid extracts of healthy and tumoral brain tissues were prepared and analyzed by (13)C- and (1)H-observed (13)C-edited nuclear magnetic resonance (NMR) spectroscopy to determine (13)C-label incorporation into brain tissue and glioma metabolites. Moreover, (13)C enrichments in blood lactate and glucose were determined from (1)H-NMR spectra. In the nontumoral tissue, (13)C labeling of amino acids indicated that [3-(13)C]lactate entered the brain and was metabolized. There was no labeling difference between the contralateral and the ipsilateral hemispheres. Lactate metabolism appeared more specifically neuronal, in agreement with our previous results obtained with normal rat brain (Bouzier et al. [2000] J. Neurochem. 75:480-486). In the glioma tissue, comparison of Ala C3, Glu C4, and Gln C4 labeling indicated that the contributions of blood glutamine and tricarboxylic acid (TCA) cycle to glutamate labeling were about 80% and 20%, respectively, after 1 hr of [3-(13)C]lactate infusion. In contrast, these contributions were about 10% and 90%, respectively, when [1-(13)C]glucose was infused in the absence of lactate. This indicated a major effect of the exogenous lactate on glioma metabolism, which may be due to the following process: The high blood lactate level might hinder the drain of glycolytic lactate produced inside the glioma and thus generate a change in redox potential such that the tumor cells are unable to restore it with oxidative phosphorylation. Thereafter, the high NADH level might inhibit glycolysis and the TCA cycle, and glutamine could become the major carbon source for glutamate labeling.